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EXECUTIVE FUNCTION, INTELLIGENCE AND ANXIETY

Abstract
The human brain is a complex organ responsible for not only perceiving and sensing information
in one’s environment, but also integrating and analyzing these details in a way that will allow an
individual to comprehend the material. Scientists for centuries have been curious as to why
people process their emotions and thoughts differently, resulting in unique and varied behavior.
The manner in which a person comprehends information and whether or not they feel anxious as
a result, may be connected to their intellectual and functional capacity. Human intelligence and
the ability to function at a high level may be related to the presence or absence of feelings of
anxiety. The current study aims to determine the behavioral relationship between intelligence,
executive function and anxiety while also interrogating their relationship to common
morphometric features of the brain, such as surface area, grey matter volume and cortical
thickness. Structural neuroimaging data for eighty-two subjects was obtained from the Nathan
Kline Institute, in connection with the 1000 Functional Connectomes neuroimaging database and
correlated with scores on the Wechsler Abbreviated Scale of Intelligence (WASI), Delis-Kaplan
Executive Function System (DKEFS) and The State-Trait Anxiety Inventory (STAI), using a
neuroimaging structure analysis tool. Behavioral results indicate a positive relationship between
intelligence and executive function as well as a negative relationship between intelligence and
anxiety. Brain morphometric results indicate a positive correlation between WASI and the
surface area, cortical thickness and grey matter volume of the lateral prefrontal cortex. Likewise,
there was a negative correlation between DKEFS and volume of the parietal lobe. Lastly, the
STAI was negatively correlated with the surface area and grey matter volume of the temporal
lobe.

Keywords: Anxiety, intelligence, executive function, behavioral relationship, morphometric
structures
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Introduction
Human behavior and cognition has been an intriguing concept to neuroscientists and
psychologists for many decades. Why do humans differ in their cognitive abilities and how do
these variations contribute to a person’s mental state and level of perceived wellbeing?
Researchers who are interested in assessing the relationship between a person’s mental health
and their ability to function cognitively often investigate this question.
It is vital to the wellbeing of mankind that we thoroughly study the significant
determinants of mental health and utilize this information to gradually decrease the presence of
mental health problems in our world. A large portion of mental illness and the vulnerable mental
states of individuals in today’s world is due to an increase in anxiety and mental processes
impacted by being overly anxious. It is estimated that approximately 31.1% of adults in the
United States alone will suffer from an anxiety disorder at some point in their life (National
Institute of Mental Health, 2017). Furthermore, studies show anxiety leads to excessive
processing of threatening stimuli which interferes with several cognitive processes such as
attention, working memory and cognitive control (Grant & White 2016). This concerning
evidence reiterates the emergent presence of anxiety in our world today and the important need
for scientific investigation into its relationship and impact on cognition.
The current study addresses two questions pertaining to anxiety and cognitive ability. We
have chosen general intelligence (GI) and executive function (EF) to represent cognitive
processes. General intelligence relates to processes such as the reasoning and planning of tasks,
whereas executive function is involved when planning and monitoring complex goal-directed
behavior. The first question focuses on the relationship between reported feelings of anxiety and
simultaneous performance on intelligence assessments and EF tasks: How does anxiety impact
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the ability of an individual to process the world around them and function on various cognitive
assessments? The second question posed by this study pertains to the morphometric analysis of
grey matter in the brain that impact performance of executive functions, intelligence, and
anxiety: Is there a relationship between the morphometric features (grey matter volume, cortical
thickness, and surface area) of brain regions impacting intelligence, EF, and anxiety? Together,
these questions allowed us to investigate the impact of anxiety on cognitive functioning and
therefore better understand the possible cognitive detriments arising from relationships with
anxiety.
How does anxiety impact the ability of an individual to process the world around them and
function on various cognitive measuring assessments?
In an effort to examine the impact of the presence and severity of anxiety in individuals,
many previous studies have utilized the use of The State-Trait Anxiety Inventory (STAI). This
measure is commonly utilized in clinical settings to discern anxiety related disorders from other
psychological illnesses. The assessment is separated into two distinct scales that ask individuals
to rate their responses to questions based on a four-point scale. As a whole, the inventory
measures the level of fluctuating and stable anxiety an individual struggles with. The higher the
response score of these scales, the more severe the anxiety being experienced by the individual
tested. Currently, this study aims to relate STAI scores to intelligence and EF performance.
Intelligence as a construct has previously been described as a “very general mental
capability that involves the ability to reason, plan, solve problems, think abstractly, comprehend
complex ideas, learn quickly and learn from experiences” (Gottfredson, 1997). In order for
scientific exploration to investigate human intelligence, researchers created the concept of
generalized intelligence that could be utilized in many fields of study while remaining reliable
4
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and consistent (Jensen, 1998). General Intelligence is the basis and foundation of an individual’s
intelligence level in which various assessments and tests are meant to measure. Empirical
research has provided conclusive evidence on GI for over 100 years despite arguments that claim
it is not a true indicator of an individual’s intelligence (Dreary, Penke, & Johnson, 2010). Often,
the use of intelligence quotient testing (IQ) is used as a method of determining an individual’s
ability to apply various aspects of reasoning when presented with complex tasks. These
behavioral assessments primarily generate a general intelligence factor (g factor) in relation to a
large sample of people (Dreary et al., 2010).
Related to the construct of GI is the construct of EF, defined as cognitive skills that are
responsible for the planning, initiation, sequencing, and monitoring of complex goal-directed
behavior (Royall & Palmer, 2014). EF plays a vital role in modulating human cognitive
processes specifically, inhibitory control, working memory, and cognitive flexibility (Baddeley,
2010). Inhibitory control relates to an individual’s ability to repress or inhibit a behavioral
response. Working memory is a term describing the simultaneous storage and processing of
information. The concept of cognitive flexibility relates to an individual’s awareness of differing
options and alternatives in given situations and their ability to adapt to the situation (Martin &
Rubin, 1995). By measuring performance of these constructs, scientists can determine an
individual’s capacity to function on complex cognitive tasks.
Keeping these two constructs in mind, the current study aims to understand how the
presence or absence of anxiety impacts an individual’s ability to attend to and govern the world
around them. In other words, by measuring the capacity for subjects to perform well on
intelligence tests as well as EF tasks while struggling with or without anxiety, we can draw
conclusions as to the role anxiety serves in impacting cognitive functioning.
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Is there a relationship between the morphometric features (grey matter volume, cortical
thickness and surface area) of brain regions responsible for impacting intelligence, executive
function, and anxiety?
In addition to the behavioral investigation of the relationship between GI, EF and anxiety,
neuroscientists are also interested in studying the brain’s structural features that relate these
constructs with one another. Currently, research is focusing on recognizing morphometric
characteristics such as the volume of grey matter, thickness of cortical tissue and total surface
area for brain regions involved in these cognitive processes. This method allows scientists to
fully determine how variations in these features could affect the level of GI, EF and anxiety of
individuals.
As mentioned previously, GI is directly involved in reasoning, planning, solving
problems, abstract thinking, comprehension of complex ideas, quick learning and learning from
experiences (Gottfredson, 1997). With these processes in mind, scientists have investigated how
variations in brain anatomy impact an individual’s ability to execute these cognitive processes.
Studies involving the use of magnetic resonance imaging (MRI) have concluded a positive
relationship between grey matter volume in the orbital frontal cortex (OFC) and individuals’
performance on the Wechsler Abbreviated Scale of Intelligence (WASI) assessment (Nestor et
al., 2015). Furthermore, evidence that cognitive processes such as planning and learning
development is highly dependent on the lateral prefrontal cortex (LPFC). Differences in
morphometric features of the LPFC among individuals, may cause resulting variation in their
ability to perform these complex cognitive processes (Tanji & Hoshi, 2008).
Similar to processes specific to intelligence, EF is defined as higher-order cognitive
processes enabling individuals to flexibly control goal-oriented behavior (Smolker, Depue,
6
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Reineberg, Orr, & Banich, 2015). Previous research concerning the structural regions responsible
for EF suggests a negative relationship between decreased grey matter volume of the
ventromedial PFC (vmPFC), dorsolateral PFC (dlPFC), and ventrolateral PFC (vlPFC) with
performance on common EF tasks (Smolker, Depue, Reineberg, Orr, & Banich, 2015). This
suggests that neurologically unaffected individuals with decreased grey matter volume in these
specific regions of the PFC will likely perform better on EF tasks.
Lastly, anxiety relates to both the fluctuating and static feelings of tension and
apprehension for a particular stimulus (Vigneau & Cormier, 2008). Studies utilizing MRI
methods suggest the intensity and salience of anxiety is processed by the amygdala, the
hippocampus and basal ganglia regions of the brain (Brambilla, Barale, Caverzasi & Soares,
2002). Similarly, structures involved in the top-down regulation and control of anxiety are
positively correlated with morphometry of the superior frontal gyrus (SFG) and the right
supplementary motor area (SMA) (Yin et al., 2016), as well as regions that are putatively
involved in cognitive control, as already mentioned (i.e., LPFC, OFC).
Given the rich morphometric literature, we aim to investigate GI, EF, and anxiety in an
effort to determine their relationship both behaviorally and structurally. We hypothesize that
behavioral performance on GI and EF assessments will positively correlate with one another. We
also expect behavioral performance for GI and EF to negatively correlate with reported measures
of anxiety. In relation to morphometric features of these three constructs, we hypothesize GI and
EF to positively correlate with surface area, cortical thickness and/or grey matter volume of the
LPFC and the parietal lobe. Lastly, we hypothesize anxiety will have a negative correlation with
surface area and grey matter volume of the LPFC.
Methods
7
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This study utilizes data acquired from the 1000 Functional Connectomes Project (FCP)
database. The FCP was formed in 2009 and partners with the International Neuroimaging DataSharing Initiative (INDI) to provide public access to large collections of data, all of which
incorporate resting-state fMRI data. Furthermore, The Nathan Kline Institute Rockland Sample
(NKI-RS) is a dataset containing data obtained from individuals between the ages of 4 and 85
years old. The sample of data includes a large range of subject phenotypic information in
addition to anatomical (MPRAGE), diffusion weighted imaging (DWI), and resting-state fMRI
scans.
Participants
A total of 82 adults (53 males, 29 females), 18-55 years of age (M= 33.2, SD=10.86)
were included in this study. Neuroimaging data from all individuals were used in the surfacebased morphometry, TBSS white matter, and resting-state fMRI analyses.
Behavioral Assessments
This study focused on three behavioral assessments: Wechsler Abbreviated Scale of
Intelligence (WASI), Delis-Kaplan Executive Function System (DKEFS) and The State-Trait
Anxiety Inventory (STAI).
The WASI measures cognitive intelligence and involves the four main subtests known as
block design, vocabulary, matrix reasoning, and similarities. Together, the block design and
matrix reasoning form the perceptual reasoning index (PRI), whereas vocabulary and similarities
form the verbal comprehension index (VCI). The block design test asks subjects to recreate a
two-dimensional geometric design using cubes which tests fluid intelligence and visual
perception. The matrix reasoning test also measures fluid and visual intelligence by requiring
individuals to construct a matrix by selecting the correct choice among a set of options. The
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vocabulary test, however, measures verbal, crystallized intelligence by requesting individuals to
define a word or concept. Lastly, the similarities test evaluates related abilities by requiring the
individual to describe the relationship to objects or concepts. The NKI-RS data includes a full
WASI score in addition to scores for performance on each of the distinct subtests.
The DKEFS measures higher level cognitive functions such as attention, language and
perception. The assessment consists of the following nine subtests: trail making, verbal fluency,
design fluency, colorword interference, sorting, twenty questions, word context, tower and
proverb test. The NKI-RS data only includes data for performance on the verbal fluency subtest
and colorword interference subtest. The verbal fluency test measures verbal knowledge and
systematic retrieval of lexical items. Individuals are challenged on cognitive switching
(measuring flexibility) and establishing or maintaining a cognitive set of thinking. Furthermore,
the colorword interference subtest is broken up further into four conditions that require to name
colors, read color words, look at color names that are printed in different color ink and name the
color of the ink, and switch between reading the ink color or reading the color word name. This
subtest measures the ability to perform cognitive monitoring, inhibition and cognitive switching,
and establish or maintain a cognitive set.
Lastly, the STAI measures both an individual’s fluctuating and stable levels of anxiety.
The inventory is separated into two distinct scales both consisting of twenty items that ask
individuals to rate their responses to questions based on a four-point scale. One distinct scale
focuses on state anxiety, which measures the transitory and fluctuating state of the individual’s
tension and apprehension. The second scale relates to trait anxiety, which focuses on the
individual’s proneness to anxiety and tendency to anxiously respond to threats in the
environment. The higher the response score of these scales, the more severe the anxiety being
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experienced by the individual tested. The NKI-RS data included a total state and trait score in
addition to scores broken down further for these scales.
Correlational information was analyzed using SPSS 25.0 software (IBM Corp, Somers,
NY, USA) in order to determine the relationship between WASI, DKEFS and STAI scores.
Analyses were preformed while controlling for participant age.
Imaging Data Acquisition
Scans were acquired using a Siemens Tim Trio 3T scanner with a 12-channel head coil.
Imaging parameters for structural MRI images were as follows: voxel size 1.0 x 1.0 x 1.0 mm,
repetition time (TR) 2500ms, echo time (TE) 3.5ms.
For more information, visit http://fcon_1000.projects.nitrc.org/indi/pro/nki.html.
Surface-Based Morphometry (SBM)
Cortical reconstruction and volumetric segmentation was performed with the Freesurfer
image analysis suite, which is documented and freely available for download online
(http://surfer.nmr.mgh.harvard.edu/). The technical details of these procedures are described in
prior publications (Dale, Fischl, & Sereno, 1999). Briefly, this processing includes motion
correction and averaging (Reuter, Rosas, & Fischl, 2010) of volumetric T1-weighted images,
removal of non-brain tissue using a hybrid watershed/surface deformation procedure (Ségonne et
al., 2004), automated Talairach transformation, intensity normalization (Sled, Zijdenbos, &
Evans, 1998), tessellation of the grey matter white matter boundary, automated topology
correction (B. Fischl, Liu, & Dale, 2001; Segonne, Pacheco, & Fischl, 2007), and surface
deformation following intensity gradients to optimally place the grey/white and
grey/cerebrospinal fluid borders at the location where the greatest shift in intensity defines the
transition to the other tissue class (Dale et al., 1999; Dale & Sereno, 1993; B Fischl & Dale,

10

EXECUTIVE FUNCTION, INTELLIGENCE AND ANXIETY

2000). Once the cortical models are complete, a number of deformable procedures were
performed for further data processing and analysis including surface inflation (Fischl, Sereno, &
Dale, 1999), registration to a spherical atlas which utilized individual cortical folding patterns to
match cortical geometry across subjects (Fischl, Sereno, Tootell, & Dale, 1999), parcellation of
the cerebral cortex into units based on gyral and sulcal structure (Desikan et al., 2006; Fischl et
al., 2004), and creation of a variety of surface-based data including maps of cortical volume,
surface area, thickness, curvature, sulcal depth, and local gyrification index. The resulting
probability maps were input into a general linear model (GLM) evaluating regressions between
all voxels and WASI, DKEFS or STAI scores, controlling for age and whole-brain intracranial
volume (ICV). Vertex-wise threshold was set at p < .001 level. Cluster-wise threshold was
corrected for at p < .05 level using permutation testing with Monte Carlo simulation.
Results
Behavioral Results
Correlations between each of the five WASI subtests positively correlated with DKEFS
scores of the Colorword Interference and Verbal Category Switch subtest (Figure 1), such that
increased GI was related to increased EF. Additionally, there was a significant negative
relationship between WASI Full and scores for the Total State STAI (Figure 2). This negative
correlation suggests that increases in GI were related to decreases in anxiety. The relationships
between both the 1) WASI and DKEFS, and 2) WASI and STAI measures are noted in Table 1.
There were no significant effects found for the relationship of DKEFS and STAI.
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r= 0.351
p= 0.002

r= 0.349
p= 0.002

Figure 1: Depicts positive correlation between WASI Full and the DKEFS Colorword
Interference and Category Switch subtests.

r= -0.261
p= 0.021

Figure 2: Depicts negative correlation between WASI Full and the Total State STAI.

WASI Full

Correlation
Significance (2tailed)

DKEFS
Colorword
DKEFS Verbal
Interference
Category Switch STAI Total State
0.349
0.351
-0.260
0.002

0.002

0.021
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Table 1: Depicts the correlation between WASI subtests, DKEFS and STAI

Wechsler Abbreviated Scale of Intelligence Cortical Structure Results
Surface-Based Morphometry (SBM)
Regressions with cortical grey matter morphometry indicate that increased WASI scores
predicted increased surface area, cortical thickness and grey matter volume of multiple regions
located within the LPFC. Increased scores on the WASI Matrix subtest correlated with increased
surface area of the right parstriangularis region (Figure 3), suggesting that increased GI was
related to increased surface area of this region of the LPFC. Likewise, GI correlated with
increased cortical thickness of the right hemisphere caudalmiddlefrontal region (Figure 3),
suggesting that increased GI is also related to increased thickness of this region of the LPFC.
Finally, GI correlated with increased grey matter volume of the left parsorbitalis region (Figure
3), signifying increased GI is related to increased grey matter volume in this region of the LPFC.

Figure: A) Increased WASI Matrix scores are associated with increased surface area of the right
parstriangularis; B) increased WASI Matrix scores are associated with increased cortical
thickness of the right caudalmiddlefrontal; C) WASI Block Design scores are associated with
increased grey matter of the left parsorbitalis
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Delis-Kaplan Executive Function System Cortical Structure Results
Surface-Based Morphometry (SBM)
Regressions with cortical grey matter morphometry indicate that increased DKEFS scores
predicted decreased grey matter volume of two areas of the parietal lobe. Increased scores on the
DKEFS negatively correlated with decreased grey matter volume of the right inferiorparietal
region (Figure 4), suggesting that increased performance on EF tasks is related to decreased grey
matter volume of the parietal region.

Figure 4: Increased DKEFS scores are negatively associated with decreased grey matter volume
of the right inferiorparietal region

State-Trait Anxiety Inventory Cortical Structure Results
Surface-Based Morphometry (SBM)
Regressions with cortical grey matter morphometry indicate that increased STAI scores
predicted decreased surface area and grey matter volume of the temporal lobe. Increased STAI
scores correlated with decreased surface area and grey matter volume of the right
middletemporal region (Figure 5), suggesting, that increased anxiety is related to decreased
surface area and grey matter volume in this area of the temporal region.
14
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Figure 5: Increased Total Trait STAI scores correlated with decreased surface area and grey
matter volume of the right middletemporal region.

Discussion
The study was one of the first of its kind in terms of exploring the relationship between
GI, EF and anxiety constructs in respect to their behavioral relationships and unique
morphometric features. This behavioral and morphometric structural approach allowed us to
better understand the impact of anxiety on an individual’s ability to govern the world around
them. In other words, we were able to appreciate the potential benefits or consequences of
anxiety on an individual’s intelligence and EF processes. Behaviorally, GI and EF were
positively correlated, such that increased performance on WASI subtests predicted also high
performance on DKEFS subtests. GI and anxiety were negatively correlated, suggesting that
increased performance on WASI subtests predicted low scores on the STAI.
Regarding the relationship between GI, EF, and anxiety with their prospective brain
regions, all three were seen to have significant positive or negative correlations with various
morphometric regions. All three of the constructs under examination were significantly focused
to individual regions of the brain and each were dependent upon differing morphometric
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features. The study findings present evidence for cognitive processes that may be negatively
affected when increased anxiety is present and provides a valuable understanding of the how
structural differences play a role in affecting the cognition of individuals.
With respect to intelligence, our data concludes that individuals who performed higher on
the WASI also performed high on DKEFS. This finding allows us to conclude that individuals
who have higher levels of intelligence also have high levels of EF. Therefore, an individual who
exhibits a higher capacity to reason, plan, solve problems, think abstractly, comprehend complex
ideas, learn quickly and learn from experiences (Gottfredson, 1997), is also likely to be capable
of functioning at a high level for the planning, initiation, sequencing, and monitoring of complex
goal-directed behavior (Royall & Palmer, 2014). Furthermore, our behavioral data shows that
individuals who performed higher on the WASI also score lower on the STAI. This finding
allows us to conclude that individuals with high levels of intelligence also report having low
levels of anxiety. The opposite of this is also true. Those who struggle from high levels of
anxiety are seen to perform worse on the WASI, indicating lower intelligence.
Even though our data did not depict a significant relationship between EF and anxiety, it
is nonetheless important to recognize the opposite relationship between GI and anxiety.
Increased anxiety is seen in lower GI individuals which suggests that anxiety may play a role in
impacting GI. Those who struggle from increased anxiety are likely to perform lower on
intelligence tests. Therefore, anxiety causes detrimental effects on an individual’s cognitive
capacity or tasks that measure performance of cognitive processes.
Data relating to morphometric features of GI, EF and anxiety also offer interesting
conclusions to be made. It is important to note that GI was the only construct to positively
correlate with surface area, cortical thickness, and grey matter volume. An increase in these three
16
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features for the LPFC will likely be accompanied by higher performance on the WASI measure.
Given each of the constructs studied, their relating regions of control were each separate and
independent of one another. Therefore, even though each of these constructs are separated
cortically, we still see relationships behaviorally between GI, EF and anxiety. With further
investigation utilizing fMRI methods, a more exact conclusion as to how these cognitive process
are related would be possible to make.
Our findings of increased GI relating to increased morphometry in the LPFC suggest that
intelligence is related to increased cortical grey matter associations, which was consistent with
our hypotheses. The LPFC has been shown to underlie complex thought processes and thus, our
study is consistent with such findings. Our findings of increased EF relating to decreases in
morphometry in the inferior parietal lobe suggests that better EF performance benefits from
decreased cortical grey matter in this region, which was counter to our hypotheses. However,
decreases in grey matter have been linked to increases in performance in EF measures (Smolker,
Depue, et al., 2015). Finally, our findings of increased anxiety relating to decreases in grey
matter in the temporal lobe are somewhat consistent with our hypothesis; that increased anxiety
would be related to grey matter reductions, however we found this observation in the temporal
lobes and not the LPFC. Speculatively, this may reflect decreases in regions that process the
emotionality of language and/or facial expression. Therefore, decreases of grey matter in the
temporal lobe may reflect abnormal processing of emotional content and relate to anxiety.
Overall, the results of this experiment primarily indicate that GI, EF, and anxiety are
behaviorally related and that each of these constructs involve distinct brain regions mediated by a
unique combination of morphometric features. The behavioral data suggests anxiety impacts the
ability for individuals to govern the world around them therefore negatively affecting the

17

EXECUTIVE FUNCTION, INTELLIGENCE AND ANXIETY

cognitive intelligence and functioning of an individual. Likewise, we have concluded there are
regions of the brain specific to GI, EF and anxiety with separate locations and their own specific
morphometric features that affect the ability of an individual to utilize these regions.
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